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(57) ABSTRACT

A system (1) for feeding fuel from a tank (2) to an internal
combustion engine (3) has:—an electrically actuated pre-
feed variable-flow electric pump (9); —a high-pressure pis-
ton pump (10) having a pump casing (15) and piston move-
ment mechanism (17) housed in the pump casing (16);
and—a hydraulic circuit (7) comprising a first branch (11) for
connecting the tank (2) to the pre-feed pump (9), a second
branch (12) for connecting the pre-feed pump (9) to the high-
pressure piston pump (10) and a third branch (13) for con-
necting the high-pressure piston pump (10) to the internal
combustion engine (3); wherein the second branch (12) is
configured to branch downstream of the pre-feed pump (9)
into a first channel (12a) structured for conveying part of the
fuel to the intake of the high-pressure piston pump (10) and
for connecting the pre-feed pump (9) directly to the intake of
the high-pressure piston pump (10), and into a second channel
(12b) structured for conveying part of the fuel in the casing
(15) and for connecting the pre-feed pump (9) to the casing
(15) making the fuel flow solely through at least one cali-
brated hole (27).

8 Claims, 3 Drawing Sheets
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SYSTEM FOR FEEDING FUEL FROM A
TANK TO AN INTERNAL COMBUSTION
ENGINE

BACKGROUND OF THE INVENTION

The present invention concerns a system for feeding fuel
from a tank to an internal combustion engine.

More specifically, the present invention concerns a system
for feeding diesel fuel from a tank to a diesel combustion
engine; application to which the following description refers
purely by way of example without this implying any loss of
generality.

As is known, the systems for feeding diesel fuel to a diesel
combustion engine normally include:

a low-pressure pump or pre-feed pump,

a high-pressure piston pump, and

a hydraulic circuit which is provided with a first branch
structured to connect the fuel tank to the pre-feed pump, a
second branch structured to connect the pre-feed pump to the
high-pressure piston pump and a third branch structured to
connect the high-pressure piston pump to the internal com-
bustion engine.

More specifically, in the case of diesel internal combustion
engines, the third branch of the hydraulic circuit is able to
connect the delivery of the high-pressure piston pump to the
fuel distribution manifold, commonly known as the “com-
mon rail”, which branches off into injectors which are struc-
tured to atomise, on command, the diesel fuel inside the
various combustion chambers of the internal combustion
engine.

Since the pre-feed pump is a constant-flow electric pump,
the system for feeding fuel also comprises an electrically
operated shutter valve and a mechanical overpressure valve,
placed in parallel along the second branch of the hydraulic
circuit.

More specifically, the second branch of the hydraulic cir-
cuit branches, downstream of the delivery of the prefeed
pump, into two separate channels which reach the high-pres-
sure piston pump separately one from the other. The electri-
cally operated shutter valve is positioned along the channel
that communicates directly with the high-pressure piston
pump intake, while the over-pressure valve is connected
along the channel that communicates with the chamber of the
high-pressure piston pump that houses the piston movement
mechanism.

The shutter valve is able to continuously regulate the flow
of diesel fuel that, moment by moment, flows to the intake
throat of the high-pressure piston pump and is piloted by an
electronic control unit in a manner such that, moment by
moment, a quantity of diesel fuel substantially equal to the
instantaneous need of the combustion engine is made to flow
to the intake mouth of the high-pressure piston pump, while
the over-pressure valve stabilizes the pressure of the diesel
fuel upstream of the shutter valve, automatically diverting
excess diesel fuel to the chamber of the high-pressure piston
pump that houses a piston movement mechanism, so that the
diesel fuel can lubricate and cool the mechanical members
housed therein.

In recent years, the need to make lighter and more compact
the part of the fuel feed system destined to be housed in the
vehicle’s engine compartment, has driven the majors manu-
facturers of this type of fuel systems to obtain the two chan-
nels of the second branch of the hydraulic circuit directly
inside the casing of the high-pressure piston pump, together
with the seats that house the shutter valve and the over-
pressure valve.
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Unfortunately, this need has rendered assembly of the
high-pressure piston pump much more complicated; with a
consequent increase in production costs with respect to diesel
fuel feed systems of greater bulk.

SUMMARY OF THE INVENTION

The aim of the present invention is that of realizing a
system for feeding diesel fuel from a tank to a diesel combus-
tion engine, which is more compact and lighter than current
ones and is also cheaper to produce.

In compliance with these aims, according to the present
invention there is provided a system for feeding fuel from a
tank to an internal combustion engine; the system compris-
ing:

an electrically actuated pre-feed variable-flow pump;

a high-pressure piston pump having a pump casing and
piston movement mechanism housed in the pump casing; and

a hydraulic circuit comprising a first branch for connecting
the tank to the pre-feed pump, a second branch for connecting
the pre-feed pump to the high-pressure piston pump and a
third branch for connecting the high-pressure piston pump to
the internal combustion engine; wherein the second branch of
the hydraulic circuit is configured so as to branch downstream
of the pre-feed pump into a first channel structured for con-
veying part of the fuel to the intake of the high-pressure piston
pump and for connecting the pre-feed pump directly to the
intake of the high-pressure piston pump, and into a second
channel structured for conveying part of the fuel in the casing
and for connecting the pre-feed pump to the casing making
the fuel flow solely through at least one calibrated hole. In this
way, the fuel supply system no longer requires an electrically
controlled shutter valve and a mechanical over-pressure valve
on the second branch of the hydraulic circuit, with a conse-
quent drastic reduction in the bulk and production costs of the
system. Making the calibrated hole inside the pump casing of
the high-pressure piston pump is, in fact, much simpler than
inserting a mechanical over-pressure valve or a lubrication
valve in the pump casing.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the present
invention will become clear from the description that follows
and refers to the enclosed drawings, which illustrate a non-
limitative embodiment, where:

FIG. 1 is a schematic view, with parts removed for clarity,
of'a system for feeding fuel from a tank to an internal com-
bustion engine embodied according to the principles of the
present invention,

FIG. 2 is a lateral view, with parts in cross-section and parts
removed for clarity, of a detail of the system shown in FIG. 1,
while

FIGS. 3 and 4 are two lateral views, with parts in cross-
section and parts removed for clarity, of two embodiments of
the system of FIG. 1.

DETAILED DESCRIPTION

With reference to FIG. 1, reference numeral 1 indicates, in
its entirety, a system for feeding fuel, in this case diesel fuel,
from a tank 2 to an internal combustion engine 3 of known
type.

More specifically, the internal combustion engine 3 is a
diesel internal combustion engine that comprises a fuel dis-
tribution manifold 4, commonly known as a “common rail”,
which is structured to hold fuel at a pressure preferably, but



US 9,133,804 B2

3

not necessarily, greater than 1800 bar; and a number of elec-
trically-operated injectors 5 which are directly connected to
the manifold 4 and are able, on command, to atomize the fuel
inside the various combustion chambers (not shown) of the
internal combustion engine.

With reference to FIG. 1, the fuel feed system 1 basically
comprises a fuel pump assembly 6; a hydraulic circuit 7
which is able to connect the fuel pump assembly 6 to both the
tank 2 and the internal combustion engine 3; and a control unit
8, namely an electronic control unit, which is configured for
determining the fuel need of the internal combustion engine 3
moment by moment and for piloting certain components of
the fuel feed system 1 so as to supply to the fuel distribution
manifold 4 a fuel amount substantially equal to the instanta-
neous need of the internal combustion engine 3.

More specifically, the fuel pump assembly 6 comprises a
low-pressure or pre-feed pump 9 and a high-pressure piston
pump 10 placed in series along the hydraulic circuit 7, while
the hydraulic circuit 7 comprises a first branch 11 able to
connect the tank 2 to the pre-feed pump 9, a second branch 12
able to connect the pre-feed pump 9 to the high-pressure
piston pump 10 and a third branch 13 able to connect the
high-pressure piston pump 10 to the fuel distribution mani-
fold 4 of the internal combustion engine 3.

Preferably, but not necessarily, the hydraulic circuit 7 is
also equipped with at least one fuel filter 14 positioned on the
connection branch 11, upstream (or in a not shown embodi-
ment downstream) of the pre-feed pump 9.

With reference to FIG. 1, in particular, the prefeed pump 9
is a variable flow electric pump, which is suitable for being
directly piloted by the electronic control unit 8 of the fuel feed
system so as to suck a quantity of fuel from the tank 2 and
convey it to the high-pressure piston pump 10 that, moment
by moment, approximates by excess to the instantaneous fuel
need of the internal combustion engine 3, while the high-
pressure piston pump 10 is equipped with an outer or pump
casing 15 defining a closed chamber 16 destined to house a
piston movement mechanism 17. Alternatively the pre-feed
pump 9 can be an electric controllable vane pump or an
internal- or external gear pump with e.g. an electrical precon-
trol.

More specifically, with reference to FIG. 1, the high-pres-
sure piston pump 10 is provided with a plurality of pistons 18
(three in the example shown) that are angularly distributed
about chamber 16 and are each inserted in an axially sliding
and fluid-tight manner inside a respective cylindrical cavity
184 that terminates inside chamber 16.

The piston movement mechanism 17, instead, comprises a
rotating shaft 19 thatis suitable for being driven in rotation by
the engine drive shaft (not shown) of the internal combustion
engine 3 and is equipped with an eccentric portion 194 that is
mobile inside the chamber 16 of the pump casing 15 and a
polygonal ring 20 that is fitted in a freely rotating manner on
the eccentric portion 19a of the shaft 19, so that it can orbit
inside the chamber 16 of the pump casing 15 when the shaft
19 turns about its longitudinal axis L. Alternatively, the
present invention applies for high-pressure piston pumps with
e.g. roller drive instead of a polygonal ring drive.

For each piston 18, the high-pressure piston pump 10 also
comprises a respective return coil spring (not shown)
designed for keeping the bottom end of the piston 18 always
in contact with the periphery of the polygonal ring 20, so as to
constrain the piston 18 to move with alternating rectilinear
motion inside the cylindrical cavity 18a during the rotary
translational motion ofthe polygonal ring 20 inside the cham-
ber 16 of the pump casing 15.
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Finally, with reference to FIG. 1, for each cylindrical cavity
184, the high-pressure piston pump 10 comprises at least one
feed valve 21 and at least one delivery valve 22, selectively
able to place the cylindrical cavity 18a in communication
respectively with branch 12 and with branch 13 of the hydrau-
lic circuit 7. More specifically, the feed valve 21 is a check
valve structured so as to regulate the passage of fuel from
branch 12 of the hydraulic circuit 7 to the cylindrical cavity
18a of the high-pressure piston pump 10, while the delivery
valve 22 is a check valve structured so as to regulate the
passage of fuel from the cylindrical cavity 18a of the high-
pressure piston pump 10 to branch 13 of the hydraulic circuit
7.

In the example shown, the feed valves 21 and the delivery
valves 22 are built into the pump casing 15 and shall not be
described any further as they are widely known within the
sector.

With reference to FIGS. 1 and 2, the shaft 19 of the high-
pressure piston pump 10, instead, extends through the cham-
ber 16 that houses the piston movement mechanism 17 and is
mounted to axially rotate inside the pump casing 15 by the
interposition of special lateral support bearings 23, in this
case bushings 23, positioned on opposite sides of the chamber
16. Furthermore, one of the two ends of the shaft 19 projects
outside the pump casing 15 so that it can be connected to the
engine drive shaft (not shown) of the internal combustion
engine 3.

With reference to FIG. 2, to avoid fuel leaking outside the
pump casing 15, the high-pressure piston pump 10 is prefer-
ably, but not necessarily, also provided with an annular seal-
ing gasket 24 that is fitted on the rotating shaft 19, immedi-
ately downstream of the bushing 23 that delimits and supports
the projecting portion of the shaft 19, namely the portion of
the shaft that projects outside the pump casing 15.

In other words, the annular sealing gasket 24 is positioned
inside the pump casing 15, next to the bushing 23 that sup-
ports the projecting portion of the shaft 19, on the opposite
side of the chamber 16 that houses the rest of the piston
movement mechanism 17.

More specifically, in the example shown, the pump casing
15 comprises a flanged support hub 15a that is structured so as
to delimit and hermetically seal the chamber 16 of the pump
casing 15, and to house within itself the bushing 23 that
directly supports the projecting portion of the shaft 19 and
possibly the annular sealing gasket 24.

With reference to FIGS. 1 and 2, branch 12 of the hydraulic
circuit 7 is structured to branch downstream of the pre-feed
pump 9 into two channels 12a¢ and 125 that run separately
from each other to the high-pressure piston pump 10. Channel
124 is able to convey part of the fuel arriving from the pre-
feed pump delivery to the intake of the high-pressure piston
pump 10, while channel 125 conveys part of the fuel to the
chamber 16 for lubricating and cooling the piston movement
mechanism 17.

The hydraulic circuit 7 also comprises a fourth connection
branch 25 for connecting the chamber 16 to the tank 2 and
draining off the fuel used to lubricate and/or cool the piston
movement mechanism 17 back to the tank 2.

Optionally, the hydraulic circuit 7 can also be equipped
with a calibrated hole 26 or a check valve, which is placed
along branch 25.

However, unlike currently known fuel-feed systems, chan-
nel 12a of branch 12 is structured so as to connect the pre-feed
pump 9 delivery directly (i.e. without the interposition of any
flow control valve) to the intake of the high-pressure piston
pump 10, while channel 125 of branch 12 is structured so as
to connect the pre-feed pump 9 delivery to the chamber 16
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that houses the piston movement mechanism 17, forcing the
fuel to only flow through at least one calibrated hole 27 that
has the function of reducing the pressure and limiting the max
fuel quantity flow to the chamber 16 of the pump casing 15.

In other words, the delivery of the pre-feed pump 9 is
separated from the chamber 16 that houses the piston move-
ment mechanism 17 by only one or more calibrated holes 27
(one in the example shown), which have the function of
reducing the pressure and limiting the max fuel quantity flow
to the chamber 16 of the pump casing 15.

More specifically, with reference to FIG. 2, in the example
shown, the feed valves 21 of the high-pressure piston pump
10 are connected together and to branch 12 of the hydraulic
circuit 7 by means of an external annular channel 28 that is
obtained directly on the outer surface of the flanged hub 15a,
close to the chamber 16. The annular channel 28 is preferably,
but not necessarily, coaxial with the longitudinal axis L. of the
shaft 19 and the hub 154, and encircles the bushing 23 that, in
turn, is placed at the centre of the hub 154, coaxial with the
longitudinal axis L. of the shaft 19.

The flanged hub 15a is also equipped with one or more
longitudinal through channels 29 that extend within the body
of'the hub parallel to the longitudinal axis [ of the shaft 19 and
the hub 154, between the external annular channel 28 and the
underlying bushing 23, so as to put the seat 30 that houses the
annular sealing gasket 24 in direct communication with the
chamber 16 of the pump casing 15 that houses the piston
movement mechanism 17, so as to lubricate and/or cool the
bushing 23 on both sides. Channel 125 is defined by a recti-
linear through hole preferably, but not necessarily, of variable
diameter, which extends radially in the body of the flanged
hub 154, from the bottom of the annular channel 28 to the
longitudinal through channel 29.

In this way, the fuel that fills the annular channel 28 can
drain into the rectilinear through hole until it reaches the
longitudinal through channel 29, and from here continues to
the chamber 16 that houses the piston movement mechanism
17 and/or to the seat 30 that houses the annular sealing gasket
24.

The section of the rectilinear through hole having the
smallest diameter defines the calibrated hole 27, which has
the function of reducing the pressure and limiting the max
fuel quantity flow to the chamber 16 of the pump casing 15.

With reference to FIG. 3, in correspondence to one of the
two ends of the longitudinal through channel 29 that commu-
nicates directly with the rectilinear through hole 12, the
flanged hub 154 can comprise a plug body 31 that forms a
fluid-tight seal at one of the two ends of the longitudinal
through channel 29 that is directly connected to the through
hole. In this way, all of the fuel that drains through the recti-
linear through hole is forced to come out at only one end of the
longitudinal through channel 29.

By positioning the plug body 31 at the end of the longitu-
dinal through channel 29 giving onto the chamber 16 of the
pump casing 15 (see FIG. 3), it is possible to favour the
Iubrication and/or cooling of the bushing 23 and the annular
sealing gasket 24. Instead, by positioning the plug body 31 at
the end of the longitudinal through channel 29 giving onto the
seat 30 that houses the annular sealing gasket 24, it is possible
to favour the lubrication and/or cooling of the piston move-
ment mechanism 17 housed inside the chamber 16 of the
pump casing 15.

The operation of the fuel feed system 1 is easily deduced
from that described above and therefore does not necessitate
further explanation. Except for clarifying that the electronic
control unit 8 is configured to pilot the variable flow pre-feed
pump 9 on the basis of signals arriving from a series of sensors
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for measuring certain physical quantities related to the run-
ning of the internal combustion engine 3, so as to adjust the
flow of the pump based on the instantaneous fuel need of the
internal combustion engine 3.

More specifically, the electronic control unit 8 is config-
ured to adjust, moment by moment, the flow of the pre-feed
pump 9 so as to always send the quantity of fuel to the
high-pressure piston pump 10 that is needed to meet the
instantaneous fuel need of the internal combustion engine 3
and to lubricate and/or cool the piston movement mechanism
17.

The advantages deriving from the structure of the fuel feed
system 1 are many.

First of all, the elimination of the shutter valve and the
over-pressure and/or lubrication valve from branch 12 of the
hydraulic circuit 7 permits a drastic reduction in production
costs for the system. The calibrated hole 27 is in fact very
simple to make inside the pump casing 15 of the high-pres-
sure piston pump 10.

In addition, making channel 1256 and the calibrated hole 27
directly on the bottom of the annular channel 28 present on
the outer surface of the flanged hub 154 permits a significant
reduction in the weight and bulk of the flanged hub 154, also
permitting drastic simplification of the production process for
the high-pressure piston pump 10, with the reduction of pro-
duction costs that this entails.

Lastly, it is obvious that changes to and variants of the fuel
feed system 1 can be made without departing from the scope
of the present invention.

For example, with reference to FIG. 4, regardless of the
presence or absence of the longitudinal through channels 29
in the flanged hub 154, channel 125 can be constituted by a
transversal rectilinear through hole 124 that extends from the
bottom of the annular channel 28 directly to the chamber 16
that houses the piston movement mechanism 17. In this case,
the section of rectilinear through hole 125 that has the small-
est diameter forms the calibrated hole 27.

Furthermore, in all of the above-described embodiments,
the calibrated hole 27 may made into bushing or threaded
insert placed along a section of the rectilinear through hole.

The invention claimed is:
1. A system (1) for feeding fuel from a tank (2) to an
internal combustion engine (3); the system comprising:
an electrically actuated pre-feed variable-flow pump (9);
a high-pressure piston pump (10) having a pump casing
(15) and a piston movement mechanism (17) housed in
the pump casing (15); and
a hydraulic circuit (7) comprising a first branch (11) for
connecting the tank (2) to the pre-feed pump (9), a
second branch (12) for connecting the pre-feed pump (9)
to the high-pressure piston pump (10) and a third branch
(13) for connecting the high-pressure piston pump (10)
to the internal combustion engine (3); wherein the sec-
ond branch of the hydraulic circuit (7) is structured so as
to branch downstream of the pre-feed pump (9) into a
first channel (12q) structured for conveying part of the
fuel to the intake of the high-pressure piston pump (10)
and for connecting the pre-feed pump (9) directly to the
intake of the high-pressure piston pump (10), and into a
second channel (125) structured for conveying part of
the fuel in the casing (15) and for connecting the pre-
feed pump (9) to the casing (15) making the fuel flow
solely through at least one calibrated hole (27).
2. The system for feeding fuel according to claim 1 com-
prising a control unit (8) configured for piloting the pre-feed
variable flow pump (9) and adjusting the flow of the pre-feed
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variable flow pump (9) as a function of an in-stantaneous fuel
need of the internal combustion engine (3).

3. The system for feeding fuel according to claim 1,
wherein the piston movement mechanism (17) comprises a
rotating shaft (19) that crosses the casing (15) and is mounted
to axially rotate inside a chamber (16) of the casing (15),
which comprises a support hub (15a) structured to delimit
and seal the chamber (16) of the pump casing (15), and
equipped with an external annular channel (28) thatis suitable
to place feed valves (21) of the high-pressure piston pump
(10) in communication with each other and with the second
branch (12) of the hydraulic circuit (7); the second channel
(12b) of the second branch (12) of the hydraulic circuit (7)
being defined by a through hole extending within a body of
the support hub (15a) between the annular channel (28) and
the chamber (16); a section of said through hole forming said
at least one calibrated hole (27).

4. The system for feeding fuel according to claim 3,
wherein the support hub (15q) is equipped on a side of a
support bearing (23) with a seat (30) for housing an annular
sealing gasket (24) and is equipped with at least one connec-
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tion through channels (29) that extend within the body of the
hub (15a) between the external annular channel (28) and an
underlying bearing (23) so as to put the seat (30) that houses
the annular sealing gasket (24) in direct communication with
the chamber (16); the second channel (125) of the second
branch (12) extending within from the external annular chan-
nel (28) to the connection through channel (29).

5. The system for feeding fuel according to claim 4,
wherein the support hub (15a) comprises a plug body (31) for
forming a fluid-tight seal at one of the two ends of the con-
nection through channel (29).

6. The system for feeding fuel according to claim 3,
wherein the through hole forming the second channel (125) of
the second branch (12) is rectilinear.

7. The system for feeding fuel according to claim 1,
wherein the hydraulic circuit (7) comprises a fourth branch
(25) for connecting the casing (15) to the tank (2).

8. The system for feeding fuel according to claim 7,
wherein the hydraulic circuit (7) comprises choking means
(26), along the fourth branch (25) of the hydraulic circuit (7).
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